The knowledge of the DNA persistence length indicates the chain's flexibility which is related to the possible final folded state of DNA and provides the means for understanding DNA's structure in solution and on surfaces. The persistence length of ssDNA depends on the rigidity of the backbone and an intra-chain repulsion due to negatively charged backbone. In order to determine the contributions of rigidity and electrostatics on persistence length of ssDNA we conducted series of molecular dynamics simulations with regular and neutralized DNA of various length and sequences. We found that persistence length is largely determined by the flexibility of the backbone. However the electrostatic contribution to the persistence length is sequence dependent due to differences in base stacking and hydrogen bonding network. To investigate the effect of surface on the structure and dynamics of single stranded DNA (ssDNA) we performed molecular dynamics simulations of surface constrained ssDNA. We observed that surface grafting of ssDNA significantly changes its folding pathway, pi-pi stacking interaction, persistence length, and end to end distance when compared to free ssDNA. Moreover, we found that the number of bases and sequence play an important role in structure and dynamics of ssDNA constrained on the surface. Our research provided atomistic understanding of dynamics and conformational changes of single stranded DNA under various conditions; the length and sequence dependence as well as the effect of surface immobilization. ). We examined the kinetics of DD-P threading intercalation into an individual l-DNA molecule held between a micropipette and an optical trap over a concentration range of 2-100 nM. DNA extensions due to threading intercalation are measured at several concentrations for constant stretching forces of 10-60 pN. As a result, fractional binding is determined as a function of force and concentration from the time-dependent approach to equilibrium extension, which yields equilibrium binding affinity. We also obtain the force and concentration-dependent on and off rates for the threading reaction. Furthermore, these measurements allow us to obtain the force-dependent and zero force binding affinity. By fitting these rates to the expected exponential dependence on force, we are able to extract the equilibrium change in DNA extension due to a single intercalation event as well as the distance to the transition state from the bound and unbound equilibrium states. These results show that the DNA length must increase significantly both for association and dissociation of the ligand, which explains the extremely slow binding kinetics.
The persistence length of ssDNA depends on the rigidity of the backbone and an intra-chain repulsion due to negatively charged backbone. In order to determine the contributions of rigidity and electrostatics on persistence length of ssDNA we conducted series of molecular dynamics simulations with regular and neutralized DNA of various length and sequences. We found that persistence length is largely determined by the flexibility of the backbone. However the electrostatic contribution to the persistence length is sequence dependent due to differences in base stacking and hydrogen bonding network. To investigate the effect of surface on the structure and dynamics of single stranded DNA (ssDNA) we performed molecular dynamics simulations of surface constrained ssDNA. We observed that surface grafting of ssDNA significantly changes its folding pathway, pi-pi stacking interaction, persistence length, and end to end distance when compared to free ssDNA. Moreover, we found that the number of bases and sequence play an important role in structure and dynamics of ssDNA constrained on the surface. Our research provided atomistic understanding of dynamics and conformational changes of single stranded DNA under various conditions; the length and sequence dependence as well as the effect of surface immobilization. Compounds that can intercalate DNA by threading between melted bases serve as a model of therapeutic drugs for malignant tumors. An essential property of effective antitumor activity requires a drug candidate to exhibit a slow dissociation rate from the intercalation state of DNA-drug complex. In particular, previous bulk experiments reported a very slow dissociation rate for the rigid Ruthenium complex dimer DD-P (D,D-[m-(11,11 ' -bidppz)(phen) 4 Ru 2 ] 4þ ). We examined the kinetics of DD-P threading intercalation into an individual l-DNA molecule held between a micropipette and an optical trap over a concentration range of 2-100 nM. DNA extensions due to threading intercalation are measured at several concentrations for constant stretching forces of 10-60 pN. As a result, fractional binding is determined as a function of force and concentration from the time-dependent approach to equilibrium extension, which yields equilibrium binding affinity. We also obtain the force and concentration-dependent on and off rates for the threading reaction. Furthermore, these measurements allow us to obtain the force-dependent and zero force binding affinity. By fitting these rates to the expected exponential dependence on force, we are able to extract the equilibrium change in DNA extension due to a single intercalation event as well as the distance to the transition state from the bound and unbound equilibrium states. These results show that the DNA length must increase significantly both for association and dissociation of the ligand, which explains the extremely slow binding kinetics.
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Single Molecule Force Measurements of DNA and RNA Hairpin Structures Mathilde Bercy, Ulrich Bockelmann. ESPCI ParisTech, Paris, France. DNA and RNA hairpins contribute to fundamental mechanisms of molecular biology, for instance to the regulation of transcription and translation. Moreover, the hairpin secondary structure is a model system for studying the dynamic assembly of nucleic acid structures. Using a high-precision dual-trap optical tweezers setup, we performed a quantitative investigation of the folding dynamics of hairpins under mechanical load.
A hairpin structure is composed of a double-helical stem and a singlestranded loop. Two different hairpins were studied, each one as a DNA and as an RNA molecule. They have the same stem of 13 basepairs, but exhibit loops of 10 and 18 nucleotides respectively. Significant differences are observed, not only between the two hairpins but also between DNA and RNA. As illustrated in the figure, hysteresis between unfolding and refolding curves is much stronger for RNA than for DNA. For narrow-loop hairpins, flipping between folded and unfolded states is observed for DNA and RNA. The wideloop hairpins, however, show flips only for DNA. Altogether, our results show that the RNA molecule is more easily driven out-of-equilibrium by an external perturbation than DNA. Despite their widespread use in single-molecule and bulk biochemical assays, a complete mechanistic and kinetic insight in their interaction with DNA is lacking, which hampers optimization of biological assays using these molecules. Here, we study intercalation of double-stranded DNA by visualizing single DNA-intercalation events in real-time using fluorescence microscopy and controlling DNA tension with optical tweezers. This allows, for the first time, to fully quantify the affinity and kinetics of the mono-intercalators SYTOX Orange, SYTOX Green, SYBR Gold, and YO-PRO-1, and of the bis-intercalators YOYO-1, and POPO-3. We show that all these intercalators obey single-step, first-order DNA-binding kinetics and that their affinity for DNA is governed by an off-rate that decreases exponentially with DNA tension. Remarkably, the DNA tension alters the DNAintercalator interaction time by two to four orders of magnitude. In addition to this strong tension dependence, the affinity for DNA also depends strongly on the intercalator species and on the ionic strength of the buffer. These new fundamental insights provide opportunities to selectively perform experiments either in or far out-of-equilibrium. We demonstrate that this kinetic control can be exploited to optimize biological assays based on intercalation: it allows minimizing the perturbation that intercalators impose on the dynamics of structural transitions during DNA overstretching and on processive enzymatic reactions such as DNA replication.
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Simultaneous DNA Stretching and Intercalation in Continuous Elongational Flow Joshua W. Griffis, Mikhail M. Safranovitch, Shilpi P. Vyas, Andrew Nicholson, Gene Malkin, Robert H. Meltzer. Pathogenetix, Woburn, MA, USA. Fluorescent microscopic observation of DNA stretching in homogenous elongational flow has previously been used to characterize biophysical properties of the polymer. Typically, individual molecules are trapped at the stagnation point of opposed fluidic flows in a cross-slot microfluidic structure. Such observations intrinsically have a low throughput of analyzable molecules. We present a continuous-flow microfluidic funnel that replicates the intramolecular tension distribution established in cross-slot DNA stretching experiments, but achieves greater than 10 megabase per second analyzable DNA throughput. Intercalating fluorescent dyes are required for single-molecule visualization of stretched DNA. DNA elasticity under tension however is affected by bound intercalator. Careful experimental control of the relative concentration of intercalator and DNA is therefore required for reproducible DNA stretching. In the presented device, intercalator is introduced using convergent sheathing flows, which center DNA in the microfunnel over a series of confocal laser excitation spots. The intercalation reaction therefore proceeds one molecule of DNA at a time, thus eliminating dependence on DNA concentration. Using this experimental platform, we demonstrate differing effects on DNA elasticity for the monomeric dye POPRO-1 and its bis-intercalating analogue POPO-1. We also characterize the effect of intramolecular tension on the orientation of intercalating dye in its DNA binding site using single-molecule fluorescence anisotropy.
278a Monday, February 17, 2014 Better understanding of stretching mechanics and tension distribution along extended DNA yields practical improvements in comparing fluorescence traces of site-specific probes to sequence-derived templates. This enhances genomic comparison and identification in continuous flow optical mapping applications. , while the other is in the range of 59 ~6 5 . Increasing the porphyrin density resulted in the appearance of an interaction between the bound porphyrins. All porphyrins were able to quench the fluorescence of intercalated ethidium. The mechanism behind the energy transfer is, at least in part, the Förster type resonance energy transfer (FRET). The minimum distance in base pairs between ethidium and porphyrin required to permit the excited ethidium to emit a photon was the longest for CoTMPyP being 17.6 base-pairs and was the shortest for CuTMPyP and NiTMPyP at 8.0 base-pairs. The variation in the distance was almost proportional to the extent of the spectral overlap, the common area under emission spectrum of ethidium and absorption spectrum of porphyrin, supporting the FRET mechanism, while the effect of the orientation factor which was considered by relative binding geometry was limited. has been engineered to have a high affinity for DNA and a low dissociation rate. The complex consists of two Ru(phen) 2þ moieties connected by a flexible linker. Strong binding inhibits replication of DNA in target cancer cells. To quantify the rate at which DNA-ligand binding occurs, double-stranded DNA is stretched with optical tweezers, and exposed to the ligand under a fixed applied force. When binding to DNA, the two Ru(phen) 2þ moieties intercalate between base pairs via a threading mechanism. Intercalation results in an increase in the length of the target DNA, and this change depends exponentially upon the applied force. Separate fast and slow binding modes are revealed, indicating multi-step binding. Both the fast and the slow rates are dependent on force, and each binding event contributes equally to the extension change. The concentration dependence reveals that the fast mode is bimolecular, while the slow mode is unimolecular. We are also able to quantify the on and off rates of each mode at a given force with a three state kinetic model. These studies demonstrate the capability of optical tweezers to elucidate the mechanism of complex DNA-ligand interactions, which may facilitate the rational design of DNA binding ligands with specific DNA interaction properties. 3 Elettra-Sincrotone S.C.p.A., Strada Strale 14-km 163,5 in AREA Science Park I-34149, Basovizza, TRIESTE, Italy. DNA conformational and mechanical properties play a significant role in determining DNA protein interactions and hybridization efficiency. Counterions differently screen the electrostatic charge carried by the DNA backbone affecting its curvature and flexibility. In order to improve the understanding of DNA conformation in crowded cellular environments and for the realization of more efficient biosensors, we analyse the collective response of DNA brushes to changes of ionic strength. We report here about an atomic force microscopy (AFM) study of the ionic effects on single stranded (ssDNA) confined monolayers tethered on ultra flat gold surfaces. We realized via Nanografting, an AFM-based lithography, micrometer sized brushes of short ssDNAs with controlled, variable surface density, confined inside a biorepellent selfassembled monolayer. Varying concentration and salt species (NaCl, KCl, CaCl2) inside the AFM liquid cell we monitored with high precision the corresponding ssDNA brush height variations. We will show the measured height can be related to scaling law of salt concentration with an exponent a =-1/6, in agreement with the theory of polyelectrolyte brush. KIAS, Seoul, Korea, Republic of. DNA is an attractive material for building a nanostructure because of its programmability, stability and feasibility of mass production. The DNA origami technique has further advanced the DNA-based nanostructure by providing a platform to design and build versatile structures with site-specific modifications. Unlike protein and RNA whose folding landscapes are evolutionarily tailored, however, DNA nanostructures adopt their minimum energy conformations by navigating much more rugged and complex folding landscapes. Therefore, current thermal folding protocol is usually very time-consuming and the yield is not very high especially for complex 3d structures. Also, intermediate states and exact folding mechanism of DNA origami remains to be understood. Here, by using single molecule force instruments, we separated the binding of staple strands from folding process to avoid a multitude of kinetic traps in the rugged folding landscape and guide the rapid and efficient folding of DNA nanostructures. We stretched the scaffold DNA using 5 pN of tension and hybridized with its staple strands to create an intermediate state where the scaffold DNA is fully stretched and covered by staple strands. Following replacement process between redundant staple strands folds the DNA nanostructure within 5 minutes. Our study demonstrates that an active mechanical control of the folding landscape of biological polymer can promote both folding rate and yield. We anticipate that our ability to manipulate the folding pathway will lead to the better understanding and design of DNA origami technique.
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Interaction of DNA A-Tract Oligomers with Monovalent Cations Earle Stellwagen, Qian Dong, Nancy C. Stellwagen. University of Iowa, Iowa City, IA, USA. We have characterized a series of 26 bp oligonucleotides containing either one or two A-tracts of variable length, sequence and phasing using capillary electrophoresis. The cation concentration was varied at constant ionic strength by gradually replacing tetrabutylammonium cations in the background electrolyte with the monovalent cation of interest. Three distinct A-tract conformations were detected as the monovalent cation concentration was increased, termed fast, normal and slow because of their electrophoretic mobilities relative to that of a random oligomer containing the same number of base pairs. None of the conformational changes are associated with A-tract bending since they are independent of phasing. Cooperative transitions between the different conformations are produced by the preferential complexation of monovalent cations in the millimolar concentration range. The complexation of Li þ , NH 4 þ and Tris þ is similar and ubiquitous while the complexation of Na þ and K þ is weaker and dependent on A-tract sequence. The stability of the fast and slow conformations as well as their interactions with monovalent cations is markedly diminished by increasing the AT content of the sequences flanking the A-tracts. 
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